Abstract: Bismuth basic nitrate (BBN) and its TiO 2 -Ag modified sorbent, PTBA were successfully synthesized via a precipitation method. The structural characteristics of prepared sorbents were determined through different analytical techniques. The potential use of prepared sorbents for organic compounds' removal was evaluated using Methyl Orange and Sunset Yellow dyes as model pollutants in aqueous solutions. The experimental results showed that the presence of TiO 2 and Ag particles during the crystal growth of bismuth basic nitrate has an effect on the crystal structure, point of zero charge (pH pzc ), pore volume and diameter. The lower binding energy of Ti 2p core level peak indicates the octahedral coordination of TiO 2 particles on the PTBA surface. The alteration of hydrophilic-hydrophobic characteristics of sorbent's surface improves the adsorptive performance of the modified sorbent and provides an efficient route for organic contaminants' removal from aqueous solutions.
Introduction
Bismuth basic nitrate (BBN) is a bismuth oxide based nitrate compound that belongs to the Bi 2 O 3 -N 2 O 5 -H 2 O group and consists of nitrate anions, water molecules and cage-like [Bi 6 O 4+x (OH) 4-x ] 6-x polycations, where x = 0 and 1 1, 2 . Due to the weak of hydrogen bonds, water molecules can be easily lost in the structures making some confusion about water content of these compounds 3 . Although about 15 compounds of bismuth basic nitrates have already been reported in the literature since the 17 th century, only a few have been confirmed by investigators. This is due to the difficulties in their chemical analysis and the problems associated with the isolation of a pure phase 4 . A further difficulty associated with structural prediction is that surface chemistry. The relative uncertainty in this area does not solely preclude an exact description of these materials, but might also limit their critical applications.
The medical applications of BBN have been reported 5 . They are also used as a precursor for bismuth oxide in soft chemistry 6 . In addition, due to its low solubility, it is also used in anion-exchange reactions for the removal of halides and several Oxoanions 7, 8 . To our knowledge, the application of BBN as an adsorbent in environmental protection has not been reported.
Recently, various modification techniques in environmental protection such as; mild oxidation 9 , incorporation of magnetic nanoparticles 10 , use of organic cationic surfactant 11 , etc, have been applied to develop the surface chemistry and adsorbability of sorbent materials. The ability of TiO 2 to produce positively charged surfaces of silica has also led to enhanced adsorption capacity 12 . The addition of silver on TiO 2 surface was reported as an efficient tool for the selective removal of polycyclic aromatic sulphur 13 .
The aim of our research is to gain new insights to help describe the surface chemistry of the BBN sorbent through the use of different analytical techniques. The effect of TiO 2 and Ag additions on the surface chemistry of BBN was also investigated. Methyl Orange (MO) and Sunset Yellow (SY) dyes were used as model pollutants to evaluate the adsorption behaviour.
Experimental
Bismuth nitrate penta-hydrate, Bi(NO 3 ) 3 .5H 2 O (98%), nitric acid, HNO 3 (65%) and ammonium hydroxide, NH 3 .H 2 O (25%), were purchased from ACROS organic USA, Fisher Scientific, MERCK Germany, respectively. These chemicals were used as starting materials for the synthesis of BBN. Titanium dioxide, P25 (TiO 2 ) and silver nitrate, AgNO 3 , obtained from EVONIK Degussa, GERCHEM Germany, respectively, were used for the surface modification of BBN. Methyl Orange dye, MO, and Sunset Yellow, SY dyes were obtained from Sigma-Aldrich and Aldrich, USA, respectively and used as model pollutants. Ammonium hydroxide was diluted to 50% v/v prior to use while all reagents were used without further purification or modification.
Synthesis of BBN
BBN was synthesized by adding ammonium hydroxide to a 20 mL concentrated HNO 3 solution containing 10 g of Bi(NO 3 ) 3 .5H 2 O with continuous stirring until the solution's pH reached 9. The suspension was then aged with vigorous stirring for 1 h. The precipitate obtained was filtrated, washed with distilled water and oven-dried overnight at 383 K.
Synthesis of TiO 2 -Ag modified bismuth basic nitrate, PTBA
TiO 2 -Ag-modified bismuth basic nitrate (PTBA) was synthesized via precipitation method by applying some modifications in the previously described method. Titanium dioxide, TiO 2 (0.5 g) and AgNO 3 (0.175 g), were added to a 20 mL concentrated HNO 3 solution containing 10 g of Bi(NO 3 ) 3 .5H 2 O. The suspension was aged with vigorous stirring for 30 min. Ammonium hydroxide was added to adjust the pH of the suspension to 9 with continuous stirring. The mixture was further aged with vigorous stirring for 1 h. The precipitate obtained was filtered, washed with distilled water and oven-dried overnight at 383K.
Characterization
The structure and phase composition of the adsorbents were identified by X-ray powder diffraction (XRD) patterns in the 2θ range of 10 -70˚ with a scan speed of 0.05˚/sec on a X'PERT-PRO diffractometer using CuK  radiation. The nature of the surface groups appeared on prepared sorbents was explored by Fourier transformed infrared. The spectra was recorded on a Perkin-Elmer spectrum 100 series in the range of 4000 -280 cm -1 under the attenuated total reflection (ATR) mode using a diamond module. The thermal stability and decomposition products were investigated by Thermogravimetric analysis. The thermogram was recorded using a TGA/SDTA 851 Perkin Elmer thermal analyzer. The sample was heated in nitrogen gas flowing at 50 ml min -1 with a heating rate of 2K min -1 from room temperature up to 1073K. N 2 adsorption-desorption isotherm of synthesized sorbent was measured at 77K on a Quantachrome AS1WinTM version 2.0 sorptometer. The surface area and pore size distribution were determined using Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) methods. The pH of the point of zero charge (pH pzc ) was determined by the batch equilibrium method. Microstructure characterization was performed using a LEO 912AB Energy filter transmission electron microscope (TEM), operated at 80 kV and a JEOL JSM 6400 scanning electron microscope (SEM).The chemical environment of the sorbent surface was determined by X-ray photoelectron spectroscopy (XPS). The spectra were acquired at room temperature with an XPS AXIS ULTRA spectrometer using an Al-Kα (1486.6 eV) monochromatic radiation source. The concentration of Ag was determined by a Thermo Scientific S series atomic absorption spectrometer (AAS) using an air-acetylene flame at a wavelength of 328.1 nm.
Batch adsorption studies
One gram of prepared sorbents was suspended in 1.0 L of dye solution (40 mg L -1 ). The suspension was magnetically stirred for 2h at 298K. At pre-determined time intervals, the solution was separated by a syringe filter of 0.45 μm, and the dye concentration was analyzed through a UV-1650 PC Shimadzu spectrophotometer at the maximum wavelength after appropriate dilution. The sorption capacities of the adsorbent were reported as a function of the remaining dye concentration using the mass balance equation:
where Q is the amount of dye adsorbed onto a unit amount of the adsorbent (mg g −1 ), C 0 is the initial concentration of dye in solution, C e is the equilibrium total concentration of dye in solution (mg L -1 ), V is the volume of the solution (L) and m s is the dry weight of the adsorbent used (g). The experiments were performed in triplicate.
Results and Discussion

X-ray powder diffraction (XRD)
A Phase structure of prepared sorbents was obtained from the XRD results. The XRD patterns of BBN and PTBA are shown in Figure 1 . Since the XRD patterns and the crystal structure of synthesized BBN and PTBA compounds are not available in the ICDD database, the synthesized sorbents were indexed and compared to those reported by Henry et al. 4 . The refined cell constants are a = 15.8694 (67) Å, b = 14.9961 (104) Å, c = 18.2046 (57) Å and β = 107.11 (0.02)˚. These results imply that TiO 2 cannot substitute the Bi 3+ in the crystal lattice which is may be attributed to low temperature, but is instead deposited on BBN's surface. However, the growth directions or crystallographic orientations <hkl> are different, which indicate a change in the crystal structure. In accordance with TGA results, TiO 2 and Ag particles influenced the precipitation process, which lead to a change in the chemical 2θ (Degree) composition of PTBA. TiO 2 peaks are not clearly seen in the XRD patterns. However, through careful observation, the overlapping behaviour can be detected. An anatase peak was observed at 2θ = 25.36˚ while the rutile peak was overlapped with the main peak of PTBA. Similar overlapping behaviour was observed in Yamashita and Choi's results with ZrTiO 4 /Bi 2 O 3 14 . An XRD pattern for silver is not observed due to its low concentration (5% mol). The crystallite sizes of the samples estimated by using the Debye-Scherrer equation for the most intense diffraction peaks [(105) and (025) 
Fourier transformed infrared spectroscopy (FTIR)
The type of functional groups on the surface of prepared sorbents was detected using FT-IR spectroscopy. The corresponding FTIR spectra of BBN and PTBA ( Figure 2) show broad absorption bands at 3450 cm -1 and 3220 cm -1 that can be attributed to the stretching modes of lattice water and hydroxyl groups, respectively 15, 16 . Broad absorption bands around 1274 and 1310 cm -1 can be assigned to NO 3 -groups on BBN and PTBA, respectively. These results indicate the ionic nature of nitrate groups. However, the absorption bands at 1031 cm -1 and 1025 cm -1 show the presence of mono-dentate nitrate groups 17 . The absorption bands appearing in the range of 800 -300 cm -1 can be attributed to the stretching modes of Bi-O bonds. The locations of metal-oxide stretching modes are in agreement with those reported by other investigators for bismuth oxide systems 18, 19 .
Thermogravimetric analysis (TGA)
The thermal stability of BBN and PTBA sorbents was evaluated by thermogravimetric analysis (TGA) (Figure 3 ). It was clear that the dehydration starts at a relatively low temperature, which indicates the weakness of the hydrogen bonds in the crystal structure. 
Surface area measurements
Physical characteristics of the sorbent surface such as surface area and pore size distribution are critical factors in selecting a sorbent. Thus, N 2 adsorption-desorption isotherms of BBN and PTBA were used to study the change in texture characteristics of the prepared sorbents and are shown in (Figure 4 ). As illustrated in Figure 4 , the N 2 -adsorption-desorption isotherm of BBN could be of type II isotherm according to the IUPAC classification, implying that the adsorption process may have resulted from the macropore adsorption behaviour 20 . The mesopore adsorption behaviour was also reported for this type of isotherm 21 . However, a small hysteresis loop type H4 of BBN may indicate the small contribution of mesopores and the pore shape is narrow and slit-like 22 . In contrast, PTBA has a type III isotherm which describes the weak interaction between adsorbent and adsorbate molecules on macro-or non-porous materials 23 . The absence of a hysteresis loop on PTBA may indicate that the sorbent became nonporous.
The pore size distributions determined by the BJH method are shown in the inset of Figure 4 . It can be seen that the samples exhibit pore size distribution in the mesopore domain with a sharp increase in the macropore domain, indicating bimodal distributions.
The surface area, pore volume and radius of BBN are 11.3 m 2 g -1 , 0.035 cm 3 g -1 and 24.6 Å, respectively. The decrease in PTBA surface area (6.3 m 2 g -1 ) can be attributed to aggregated TiO 2 particles on its surface, which may acts as a plug to N 2 molecules leading to the reduction of the surface area 24 . A more interesting point of texture properties of PTBA is the remarkable increase in pore volume (0.134 cm 3 g -1 ) and pore diameter (33.1 Å) which can produce unique mesostructural features 25 .
Morphology
The morphological features of sorbent surfaces were studied using SEM and TEM images ( Figure 5 ). Selected SEM images show that the morphological characteristics of BBN and PTBA sorbents consist of highly aggregated plate-like particles. However, selected TEM images revealed that the BBN aggregates are made up of spherical-like particles. TiO 2 particles were deposited as aggregates of small spheres on PTBA surface. Some of them are discernable in Figure 5e . However, no trace of silver doping is observed which is probably attributed to minute amount of silver, i.e. 5% mol Ag. 
X-ray photoelectron spectroscopy (XPS)
The intermolecular interactions between the functional groups of dyes and surface chemistry of the adsorbents are key factors in affecting adsorptive performance. Thus, to understand the Intensity (cps) Intensity (cps) differences in structure and surface chemistry between unmodified and TiO 2 -Ag modified sorbents, a detailed study of the valence states of the elements detected on BBN and PTBA surface was performed by using XPS. The peak positions are corrected for the surface charge using C 1s peak at 284.5 eV as a reference ( Figure 6 ). As illustrated in Figure 6a The O 1s core level peaks show a marked broadening towards higher binding energies, indicating the presence of high content oxygen groups on the surface of prepared sorbents that can be attributed to the presence of nitrates. When compared to PTBA, an overall shift of 1.2 eV towards high binding energy is observed for O 1s core level peak on BBN's surface. This chemical shift is due to the presence of high content of nitrate groups in BBN sorbent.
The N 1s core level peaks indicate the existence of highly oxidized nitrogen atom on BBN and PTBA sorbents. The binding energies and their species are summarized in Table 2 . 
Atomic absorption spectrometer (AAS)
Since a silver peak was not detected in the XPS analysis, the concentration of silver was determined by using AAS. The results showed that only a trace amount of silver (4.94 mg) can be detected on the PTBA sorbent, compared to the theoretical value (111 mg). This can be explained by the results of Mihalilovic et al., 30 which showed that the presence of hydrophilic TiO 2 particles made PTBA surface becomes more hydrophilic facilitated the subsequent interaction with hydrophilic Ag particles. 
Determination of pH of zero point of charge (pH pzc )
The point of zero charge of sorbent surface, pH pzc , is the pH value, at which the concentration of acidic and basic species are equal 31 . The determination of pH pzc allows one to describe the ionization forms of functional groups and their interactions with the dye, leading to a better understanding of the adsorption mechanism. The pH pzc values of BBN and PTBA determined by batch equilibrium method ( Figure 7 ) were found to be 6 and 6.6, respectively, indicating that the sorbent is slightly acidic. The difference in pH pzc values could be attributed to the structural change during modification. This agrees well with the assumption that each crystal surface possesses a unique set of potential determining surface groups and therefore should exhibit different acid/base characteristics 32 . 
Adsorption properties of prepared sorbents
The adsorptive performance of prepared sorbents was evaluated using MO and SY dyes as model pollutants (Figure 8 ). Although it has lower surface area, PTBA exhibits higher sorption capacities when compared to BBN. This can be attributed to the presence of Ag and TiO 2 particles which increase the hydrophilic character of the PTBA surface and enhance the electrostatic attraction with anionic dye molecules. In addition, the bigger pore volume and diameter of PTBA may play a role in promoting the adsorbability of dye molecules 25 . The results also showed that the adsorption capacity of SY dye was much lower if compared to the MO dye. This can be attributed to the presence of higher numbers of sulphonate groups on the SY dye that resist the adsorption onto synthesized sorbents 33 . In addition, the aggregation behaviour reported for the diluted solution of SY dye may also cause the monomer dye molecules unavailable for adsorption 34 . 
Conclusion
The structural characteristics of bismuth basic nitrate and TiO 2 -Ag modified sorbent were firstly reported. The results showed that both sorbents could be indexed by the same cell parameters and may have the following structures Bi 6 O 4 (OH) 4 
